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wo the Editor: It is commonly believed that vegetarian diets are
ardioprotective. But a recent analysis of three major epidemiologic
tudies of vegetarians in the United Kingdom failed to show
ignificant reduction in cardiovascular mortality, when compared
ith omnivores of similar lifestyles (1).
Chinese vegetarians have high prevalence of vitamin B12 defi-
iency, because of low intakes of dairy products and fortified cereal
roducts, and higher serum triglyceride concentrations and salt
ntakes, when compared with omnivores (2). In contrast, the omni-
ores in Hong Kong have high intakes of fish and seafood, which
ight have cardioprotective effects from omega-3 fatty acids (3).
Therefore, a community-based case-control study was per-
ormed to examine vascular health of vegetarians by measuring the
isk factors: carotid intima-media thickness (IMT) and flow-
ediated dilation (FMD) of brachial artery, both key surrogate
therosclerosis markers predictive of cardiovascular events and
troke.
Community-dwelling vegetarian subjects, ages 18 to 70 years,
ere recruited from local vegetarian and religious societies. The
ubjects had been vegetarian for five years or more, were non-
moking, had no known major diseases, and were not receiving
egular medication, including B vitamins.
For each vegetarian subject, one age- and gender-matched
mnivore control subject was selected from participants in a Hong
ong community-based study of atherosclerosis in Southeastern
hinese (4). The same exclusion criteria were applied.
Fifteen milliliters of fasting blood was taken, kept in an ice-box,
nd delivered to a hospital laboratory within 1 h. Serum was
nalyzed for total cholesterol, triglyceride, creatinine, and glucose
oncentrations. Plasma was kept frozen at 70°C and analyzed
ater for total plasma homocysteine (enzymatic immunoassay,
bbott IMX analyzer; GMI, Ramsey, Minnesota) (5), folate, and
itamin B12 (solid-phase no-boil dual count radioimmunoassay).
itting blood pressure was measured with an electronic sphygmo-
anometer. The mean of systolic and diastolic blood pressures was
sed for data analysis.
Table 1. Characteristics of Vegetarian and Age
Subjects*
Vegeta
(n 
Age (yrs) 45.3  1
Body mass index (kg/m2) 22.6  2
Waist-hip ratio 0.82  0
Mean blood pressure (mm Hg) 99.0  1
Total cholesterol (mmol/l) 4.6  0
LDL-cholesterol (mmol/l) 2.4  0
Triglyceride (mmol/l) 1.4  1
Glucose (mmol/l) 4.8  0
Creatinine (mol/l) 78.4  1
Homocysteine (mol/l) 12.9  7
Folate (nmol/l) 45.0  2
Vitamin B12 (pmol/l) 189  1*Values expressed as mean  SD; †p  0.05; ‡p  0.005, paired
CI  confidence interval; Control  control subject; LDL  lA locally validated food frequency questionnaire was adminis-
ered to estimate dietary intakes over the previous one week (6).
Carotid IMT scans were performed by operators following a
tandardized scanning protocol for the right and left carotid
rteries (3). The measurement procedures of brachial artery FMD
ave been documented previously (4). All scans were recorded on
uper-VHS videotape and subsequently analyzed by the same
linded investigator.
Vascular risk factors, dietary nutrient intakes, carotid IMT, and
rachial FMD (mean  SD) of vegetarian and age/gender-
atched omnivore control subjects were compared by paired t test.
Known traditional cardiovascular risk factors, including age,
ender, mean blood pressure, and serum cholesterol and triglyc-
ride concentrations, were used to adjust for differences between
egetarian and omnivore groups in IMT and FMD in a multivar-
ate analysis model.
Forty-nine vegetarian subjects (49% male) were examined. The
ean duration of vegetarianism was 16.0  8.4 years (range 6 to
0 years). Two subjects were vegans. The comparison of vascular
isk factors of vegetarians and omnivores is shown in Table 1.
The nutrient intakes of vegetarians and omnivore control
ubjects were comparable, except that vegetarians had significantly
ower intake of protein (59.1  33.8 g/day vs. 82.0  35.6 g/day
n control subjects), saturated fatty acid (11.2  5.8 g/day vs.
4.9  6.0 g/day), and cholesterol (106  116 mg/day vs. 275 
51 mg/day), after Bonferroni correction for multiple comparisons
all p  0.001).
When compared with age- and gender-matched omnivore
ontrol subjects, vegetarians had significantly greater mean carotid
MT (0.67  0.09 mm vs. 0.56  0.11 mm, 95% confidence
nterval [CI] 0.07 to 0.13 mm, p  .0001) and less brachial FMD
6.4  1.8% vs. 10.0  2.6%, 95% CI 4.4% to 2.7%, p 
.0001) (Fig. 1).
Among all subjects, age, gender, triglyceride, blood pressures,
lasma homocysteine, and vitamin B12 concentrations were sig-
ificantly correlated with IMT and FMD (all p  0.02). There
as no correlation between FMD or IMT and protein intake. On
d Gender-Matched Omnivore Control
Control
(n  49)
95% CI of
Difference
44.9  11.4 0.3 to 1.2
22.5  3.0 1.0 to 1.1
0.84  0.07 0.05 to 0.01
93.7  9.6 1.1 to 9.7
5.3  1.0 1.1 to 0.5
3.4  1.0 1.3 to 0.7
0.9  0.4 0.1 to 0.9
5.5  1.9 1.2 to 0.1
71.1  19.2 1.4 to 13.2
9.2  2.6 1.6 to 6.0
35.7  16.1 2.3 to 16.2
327  137 196 to 79- an
rian
49)
0.0
.7
.07
3.2†
.8‡
.6‡
.4†
.6†
5.7†
.8‡
1.7†
65‡t test.
ow-density lipoprotein.
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November 15, 2005:1957–64ultivariate analyses, age (beta  0.304), gender (beta  0.169),
nd vegetarian group (beta  0.464) were independently associ-
ted with IMT [r  0.64, p  0.0001], whereas triglyceride (beta
0.202) and vegetarian group (beta  0.588) were correlated
ith FMD [r 0.67, p 0.0001]. When plasma homocysteine or
itamin B12 concentration was added into the model, the vegetar-
an group remained significantly associated with IMT and FMD.
This study showed that vegetarians had greater carotid intima-
edia thickening and less effective endothelial function than the
ge- and gender-matched omnivore control subjects, raising con-
ern, for the first time, about the vascular health of vegetarians.
The mean blood pressures and serum creatinine of this group of
hinese vegetarians were significantly higher than those of control
ubjects. This might be attributed to the high sodium contents of
igure 1. Comparison of the carotid intima-media thickness (A) and
rachial flow-mediated dilatation (B) (box and whisker plot) in vegetarians
nd age/gender-matched omnivore control subjects.he local vegetarian diets, which include processed protein foodubstitutes, vegetarian oyster sauce, and tomato paste. In addition,
egetarians had higher triglyceride concentrations than the omni-
ores, probably because of the high carbohydrate contents, which
lso increase insulin resistance.
Vegetarians had significantly lower plasma vitamin B12 and
igher homocysteine concentrations, which might also be associ-
ted with greater carotid IMT and decreased brachial artery FMD.
his suggests that vitamin B12 deficiency in vegetarians might
ave adverse effects on their vascular health. A vitamin B12
upplementation intervention study in improving vascular function
n vegetarians is awaited with much interest.
In summary, contrary to common belief, vegetarians, at least in
he Chinese, might have accelerated atherosclerosis and abnormal
rterial endothelial function, compared with omnivore control
ubjects. The increased risk could only be partially explained by
heir higher blood pressure, triglyceride, homocysteine, and lower
itamin B12 concentrations.
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